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1
CLUTCH CONTROLLER

CROSS-REFERENCE TO RELAT.
APPLICATIONS

T
.

The present application claims priority from Japanese
Patent Application No. 2012-261535 filed on Nov. 29, 2012,
the entire contents of which are herein incorporated by refer-
ence.

BACKGROUND

1. Technical Field

The present mvention relates to clutch controllers that
switch a claw clutch to an engaged state.

2. Related Art

In apower train of a hybrid vehicle or the like, a claw clutch
for switching a gear stage or a running mode 1s often 1ncor-
porated (see Japanese Unexamined Patent Application Pub-
lication (JP-A) No. 2006-38136). From the viewpoint of sup-
pressing a power loss at the time of disengagement of the
clutch, 1t 1s preferable to use the claw clutch that dose not
include a synchronization mechanism. However, since the
claw clutch does not include the synchronization mechanism,
it has been necessary to synchronize the rotation speeds of the
front and the rear of the claw clutch at high accuracy 1n order
to smoothly switch the claw clutch to an engaged state. To
cope with this, 1n the power train described 1 JP-A No.
2006-38136, the rotation speeds of the front and the rear of the
clutch are synchronized by using an electric motor.

However, even 1n a case where the rotation speeds are
synchronized by using the electric motor, it 1s extremely
difficult to cause the rotation speeds of the front and the rear
of the clutch to completely match with each other, and thus a
state where one of the rotation speeds exceeds the other of the
rotation speeds and a state where the other of the rotation
speeds exceeds the one of the rotation speeds are alternately
repeated. That 1s, since the relative rotation direction of the
front and the rear of the clutch i1s constantly changed, a situ-
ation 1 which a spline tooth 1s flipped and goes 1n and out
repeatedly has occurred when the claw clutch 1s switched to
the engaged state. The repeated going in and out of the spline
tooth leads to an 1ncrease 1 time required to switch the claw
clutch and an increase 1n the size of an actuator that controls
the claw clutch, and hence it 1s desired to smoothly switch the
claw clutch to the engaged state.

SUMMARY OF THE INVENTION

An object of the present invention 1s to smoothly switch the
claw clutch to the engaged state.

An aspect of the present invention 1s to provide a clutch
controller including: a claw clutch, an actuator; a synchroni-
zation controlling unit; and an engagement controlling unait.
The claw clutch includes a first rotor having an engagement
tooth and a second rotor disposed coaxially with the first rotor
and having the engagement tooth, and 1s switched between an
engaged state where the engagement teeth are engaged with
cach other and a disengaged state where the engagement
between the engagement teeth 1s released. The actuator
moves either one of the first rotor and the second rotor 1n an
axial direction to switch the claw clutch between the engaged
state and the disengaged state. The synchronization control-
ling unit controls an electric motor coupled to the second rotor
to control a rotation speed of the second rotor such that the
rotation speed of the second rotor approaches a rotation speed
of the first rotor when the claw clutch 1s switched to the
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engaged state. The engagement controlling unit controls the
actuator to move the either one of the first rotor and the second
rotor toward the other when the claw clutch 1s switched to the
engaged state. The engagement controlling unit moves the
either of one of the first rotor and the second rotor to a position
where the engagement teeth are engaged with each other in
the axial direction before a difference in the rotation speed
between the first rotor and the second rotor falls within a

predetermined range and the rotation speed of the second
rotor reaches the rotation speed of the first rotor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view illustrating a power train
mounted on a hybrid vehicle and a part of its control system:;

FIG. 2 1s an exploded perspective view illustrating the
structure of a clutch;

FIGS. 3A to 3D are illustrative views illustrating an
engagement process of spline teeth;

FIGS. 4A to 4D are illustrative views illustrating contact
patterns of chamifered portions;

FIG. 5 1s a diagram 1llustrating the number of rotations N1,
the number of rotations N2, and a sleeve stroke when the
clutch 1s engaged;

FIG. 6 1s a diagram 1illustrating, as a comparative example,
the number of rotations N1, the number of rotations N2, and
the sleeve stroke when the clutch 1s engaged; and

FIG. 7 1s a diagram 1llustrating the number of rotations N1,
the number of rotations N2, and the sleeve stroke when the
clutch 1s engaged.

DETAILED DESCRIPTION

Heremnbelow, an example of the present invention will be
described 1n detail based on the drawings. FIG. 1 1s a sche-
matic view 1llustrating a power train 10 mounted on a hybnd
vehicle and a part of 1ts control system. In The power train 10,
a clutch controller 11 as an example of the present invention
1s incorporated. As 1llustrated 1n FI1G. 1, the power train 10 1s
provided with an engine 12, a first motor generator M1, and a
second motor generator M2 as power sources. In addition, the
power train 10 1s provided with a clutch CLL1, a clutch CL2, a
clutch CL3, and a clutch CL4 as claw clutches. Each of the
clutches CL1 to CL4 1s a dog clutch, 1.e., a claw clutch that
does not have a rotation synchronization mechanism such as
a synchronizer ring or the like.

A power dividing mechanism 13 for dividing engine power
for driving wheels and for the motor generator M2 1s provided
between the engine 12 and the motor generator M2. The
power dividing mechamism 13 includes a carrier 14 coupled
to the engine 12 and a pinion gear 135 rotatably supported by
the carrier 14. The pinion gear 135 has two gear portions 13a
and 15b6. A sun gear 16 and a ring gear 17 are engaged 1n the
gear portion 135a, and a sun gear 18 1s engaged 1n the gear
portion 155. The motor generator M2 1s coupled to the sun
gear 16, and a clutch hub 19 1s fixed to the sun gear 18.

On the outer peripheral portion of the clutch hub 19, a
clutch sleeve 20 1s provided so as to be movable 1n an axial
direction. A fork member 21 1s attached to the clutch sleeve
20, and an actuator 22 1s coupled to the fork member 21. By
driving the actuator 22 to move the clutch sleeve 20 1n the
direction of an arrow a, the clutch sleeve 20 1s engaged with a
clutch wheel 23. Thus, the clutch hub 19, the clutch sleeve 20,
and the clutch wheel 23 constitute the clutch CLL1. By engag-
ing the clutch CL1, the sun gear 18 and the ring gear 17 can be
engaged, and 1t becomes possible to stop the differential
rotation of the power dividing mechanism 13. That 1s, by
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engaging the clutch CL1, 1t becomes possible to directly
couple the engine 12 and the motor generator M2 to each
other via the power dividing mechanism 13.

In addition, by driving the actuator 22 to move the clutch
sleeve 20 1n the direction of an arrow b, the clutch sleeve 20 1s
engaged with a clutch wheel 24. Thus, the clutch hub 19, the
clutch sleeve 20, and the clutch wheel 24 constitute the clutch
CL2. By engaging the clutch CL2, 1t 1s possible to fix the sun
gear 18 to a case 235 and stop the sun gear 18, whereby 1t
becomes possible to increase the rotation fluctuation of the
ring gear 17 while reducing the rotation fluctuation of the
motor generator M2. That 1s, by engaging the clutch CL2
functioning as a brake, 1t 1s possible to increase the rotation
speed of each of the ring gear 17 and a later-described driving
wheel output shaft 26 while suppressing the rotation speed of
the motor generator M2, and 1t becomes possible to switch the
power dividing mechanism 13 to an overdrive state.

In addition, a driving gear 28 1s {ixed to a hollow shaft 27
that couples the ring gear 17 and the clutch wheel 23 to each
other, and a driven gear 29 engaged with the driving gear 28
1s rotatably supported by the driving wheel output shait26. A
clutch wheel 30 1s fixed to the driven gear 29, and a clutch hub
31 adjacent to the clutch wheel 30 1s fixed to the driving wheel
output shaft 26. On the outer peripheral portion of the clutch
hub 31, a clutch sleeve 32 1s provided so as to be movable in
the axial direction. A fork member 33 1s attached to the clutch
sleeve 32, and an actuator 34 1s coupled to the fork member
33. By driving the actuator 34 to move the clutch sleeve 32 1n
the direction of an arrow a, the clutch sleeve 32 1s engaged
with the clutch wheel 30. Thus, the clutch hub 31, the clutch
wheel 30, and the clutch sleeve 32 constitute the clutch CL3.
By engaging the clutch CL3, it becomes possible to couple
the ring gear 17 and the driving wheel output shait 26 to each
other. That 1s, by engaging the clutch CL3, it becomes pos-
sible to connect the engine 12 and the motor generator M2 to
the driving wheel output shait 26. On the other hand, by
disengaging the clutch CL3, 1t becomes possible to discon-
nect the engine 12 and the motor generator M2 from the
driving wheel output shaft 26.

A drniven gear 40 1s fixed to the other end portion of the
driving wheel output shaft 26, and a driving gear 41 engaged
with the driven gear 40 1s fixed to a transmission shait 42. A
clutch hub 43 1s fixed to the transmission shaft 42, and a clutch
wheel 44 adjacent to the clutch hub 43 i1s fixed to a motor
output shait 45 of the motor generator M1. Further, on the
outer peripheral portion of the clutch hub 43, a clutch sleeve
46 1s provided so as to be movable 1n the axial direction. A
fork member 47 1s attached to the clutch sleeve 46, and an
actuator 48 1s coupled to the fork member 47. By driving the
actuator 48 to move the clutch sleeve 46 1n the direction of an
arrow a, the clutch sleeve 46 1s engaged with the clutch wheel
44. Thus, the clutch hub 43, the clutch wheel 44, and the
clutch sleeve 46 constitute the clutch CL4. By engaging the
clutch CL4, it becomes possible to connect the motor genera-
tor M1 to the driving wheel output shatt 26. On the other hand,
by disengaging the clutch CL4, it becomes possible to dis-
connect the motor generator M1 from the dniving wheel out-
put shaift 26.

In order to perform a switching control of the clutches CLL1
to CL4 of the power train 10, a drive circuit 50 1s connected to
the actuators 22, 34, and 48, and an auxiliary equipment
battery (not shown) 1s connected to the drive circuit 530 via a
power line. An iverter 32 1s connected with a stator 51 of the
motor generator M1, and a high-voltage battery (not shown)
1s connected to the inverter 52 via the power line. The clutch
controller 11 includes a control unit 53 that outputs control
signals to the inverter 52 and the drive circuit 50. To the
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control unit 53 are connected a rotation sensor 54 for detect-
ing the number of rotations (rotation speed) N1 of the trans-
mission shaft 42, 1.e., the clutch sleeve 46, and a rotation
sensor 35 for detecting the number of rotations (rotation
speed) N2 of the motor output shait 45, 1.e., the clutch wheel
44. When the switching control of the clutch CL4 1s per-
formed, based on the numbers of rotations N1 and N2 of the
front and the rear of the clutch, the control unit 53 outputs the
control signal to the inverter 52 to control the number of
rotations of the motor generator M1, and also outputs the
control signal to the drive circuit 50 to control the operation
state of the actuator. The control unit 53 includes a CPU, a
ROM, and a RAM.

Hereinbelow, a description will be given of a control pro-
cedure when the clutch CL4 1s switched from the disengaged
state to the engaged state. In the following description, from
among the clutches CL1 to CL4 provided in the power train
10, the clutch CL4 1s used as an example, but the other
clutches CL1 to CL3 can also be switched from the disen-
gaged state to the engaged state by means of the control
procedure described later.

FIG. 2 1s an exploded perspective view illustrating the
structure of the clutch CL4. As 1llustrated in FI1G. 2, the clutch
CL4 includes the clutch sleeve (first rotor) 46 provided on the
outer peripheral portion of the clutch hub 43 so as to be
movable 1n the axial direction, and the clutch wheel (second
rotor) 44 disposed coaxially with the clutch sleeve 46. On the
inner peripheral surface of the clutch sleeve 46, a plurality of
spline teeth 60 that protrude inwardly 1n a radial direction are
formed. The spline teeth 60 extend in the axial direction and
are disposed at predetermined intervals 1n a circumierential
direction. In addition, each of the spline teeth (engagement
teeth) 60 includes a chamiered portion (first chamiered por-
tion) 61 provided at the tip thereof and an 1nversely tapered
portion (first engagement portion) 62 extending from the
chamiered portion 61. The chamiered portion 61 1ncludes a
chamiered surface 61a provided on one side 1n a rotation
direction and a chamiered surface 615 provided on the other
side 1n the rotation direction. Similarly, on the outer periph-
eral surtace of the clutch wheel 44, a plurality of spline tooth
70 that protrude outwardly 1n the radial direction are formed.
The spline teeth 70 extend 1n the axial direction and are
disposed at predetermined intervals in the circumierential
direction. In addition, each of the spline teeth (engagement
teeth) 70 includes a chamiered portion (second chamiered
portion) 71 provided at the tip thereof and an inversely
tapered portion (second engagement portion) 72 extending
from the chamiered portion 71. The chamifered portion 71
includes a chamiered surface 71a provided on one side in the
rotation direction and a chamifered surface 715 provided on
the other side in the rotation direction.

Next, a description will be given of an engagement process
of the spline tooth 60 of the clutch sleeve 46 and the spline
tooth 70 of the clutch wheel 44. FIGS. 3A to 3D are illustra-
tive views illustrating the engagement process of the spline
teeth 60 and 70. As 1llustrated 1n FIG. 3 A, at a position where
the stroke of the clutch sleeve 46 (hereinafter referred to as a
sleeve stroke) moved by the actuator 48 becomes zero, 1.e., at
a neutral position of the clutch sleeve 46, the spline tooth 60
of the clutch sleeve 46 1s apart from the spline tooth 70 of the
clutch wheel 44 1n the axial direction. That 1s, the engagement
between the spline teeth 60 and 70 1s released. Subsequently,
when the sleeve stroke reaches S1 by driving the actuator 48
to move the clutch sleeve 46 1n the direction of the arrow a, the
clutch sleeve 46 moves to a chamiered portion contact posi-
tion 1llustrated 1n FIG. 3B. Further, when the sleeve stroke
reaches S2, the clutch sleeve 46 moves to an 1nversely tapered
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portion contact position 1llustrated in FIG. 3C. Furthermore,
when the sleeve stroke reaches S3, the clutch sleeve 46 moves
to an abutment position i1llustrated in FIG. 3D.

As 1ndicated by a broken line 1n FIG. 3B, the chamfered
portion contact position 1s a position where the tips of the
chamiered portions 61 and 71 overlap each other 1n the axial
direction. By moving the clutch sleeve 46 beyond the cham-
tered portion contact position, it 1s possible to bring the cham-
tered portions 61 and 71 into contact with each other, and 1t
becomes possible to mechanmically synchronize the phases of
the spline teeth 60 and 70. In addition, as indicated by the
broken line 1n FIG. 3C, the inversely tapered portion contact
position 1s a position where the boundary portion between the
chamifered portion 61 and the inversely tapered portion 62
and the boundary portion between the chamiered portion 71
and the 1inversely tapered portion 72 overlap each other 1n the
axial direction. By moving the clutch sleeve 46 beyond the
iversely tapered portion contact position, it 1s possible to
engage the inversely tapered portions 62 and 72 with each
other, and the clutch CL4 1s thereby switched to the engaged
state. Further, the abutment position 1s a position where the
movement of the clutch sleeve 46 1s prevented by a stopper
(not shown).

Subsequently, a description will be given of an effect on a
clutch engagement operation by the contact pattern of the
chamfered portions 61 and 71. FIGS. 4A to 4D are illustrative
views 1llustrating the contact patterns of the chamiered por-
tions 61 and 71. In each of FIGS. 4A to 4D, the relative
rotation directions of the clutch sleeve 46 and the clutch
wheel 44 are indicated by open arrows. Note that, with regard
to the open arrows 1llustrated 1n FIGS. 4A to 4D, each of the
upward open arrows indicates an acceleration direction,
while each of the downward arrows idicates a deceleration
direction. In addition, each of arrows a indicates the direction
of movement of the clutch sleeve 46 when the clutch CL4 1s
switched to the engaged state.

First, a description will be given of a case where the rota-
tion speed of the clutch wheel 44 1s lower than that of the
clutch sleeve 46, as 1llustrated in FIGS. 4A and 4B. As 1llus-
trated 1in FIG. 4A, 1n a case where the chamtered surface 6156
of the clutch sleeve 46 and the chamiered surface 715 of the
clutch wheel 44 are brought 1into contact with each other, as
indicated by an arrow b, the chamifered surface 615 slides on
the chamiered surface 7la so that the clutch sleeve 46
smoothly moves toward the clutch wheel 44. On the other
hand, as 1llustrated in FIG. 4B, 1n a case where the chamfered
surtace 61a of the clutch sleeve 46 and the chamiered surface
71b of the clutch wheel 44 are brought into contact with each
other, as indicated by an arrow b, the chamiered surface 7156
1s pushed in by the chamiered surface 61a so that the clutch
sleeve 46 moves toward the clutch wheel 44 while being
dragged. That 1s, 1n the case where the rotation speed of the
clutch wheel 44 1s lower than that of the clutch sleeve 46, 1t 1s
preferable to bring the chamiered portions 61 and 71 into
contact with each other with the pattern illustrated in F1G. 4A.

In addition, a description will be given of a case where the
rotation speed of the clutch wheel 44 1s higher than that of the
clutch sleeve 46, as 1llustrated 1n FIGS. 4C and 4D. As 1llus-
trated 1n FIG. 4C, 1n a case where the chamfered surface 61a
ol the clutch sleeve 46 and the chamiered surface 715 of the
clutch wheel 44 are brought into contact with each other, as
indicated by an arrow b, the chamiered surface 61a slides on
the chamifered surface 715 so that the clutch sleeve 46
smoothly moves toward the clutch wheel 44. On the other
hand, as 1llustrated in FIG. 4D, 1n a case where the chamfered
surtace 615 of the clutch sleeve 46 and the chamiered surface
71a of the clutch wheel 44 are brought 1nto contact with each

il

10

15

20

25

30

35

40

45

50

55

60

65

6

other, as indicated by an arrow b, the chamifered surface 71a
1s pushed 1n by the chamiered surface 615 so that the clutch
sleeve 46 moves toward the clutch wheel 44 while being
dragged. That 1s, 1n the case where the rotation speed of the
clutch wheel 44 1s higher than that of the clutch sleeve 46, 1t
1s preferable to bring the chamiered portions 61 and 71 into
contact with each other with the pattern illustrated in F1G. 4C.

Subsequently, a description will be given of a control pro-
cedure when the clutch CL4 1s engaged. FIG. 5 1s a diagram
illustrating the number of rotations N1, the number of rota-
tions N2, and the sleeve stroke when the clutch CL4 1s
engaged. In FIG. §, the number of rotations N1 1s indicated by
a broken line, the number of rotations N2 1s indicated by a
solid line, and the sleeve stroke 1s indicated by a one-dot chain
line.

As 1llustrated 1n FIG. 5, at the time of start of the control
when the clutch CL4 1s in the disengaged state, the number of
rotations N2 1s smaller than the number of rotations N1, and
hence the control unit 53 starts a rotation synchromzation
control that increases the number of rotations N2 by using the
motor generator (electric motor) M1. The control unit 33
functioning as a synchronization controlling unit sets the
number of rotations N1 as the target number of rotations, and
controls the motor generator M1 via the inverter 52 such that
the number of rotations N2 of the motor generator M1 reaches
the number of rotations N1. Subsequently, as indicated by a
reference letter X 1n FIG. 5, the control unit 53 functioning as
a synchronization predicting unit calculates an increase speed
of the number of rotations N2 (an angular acceleration of the
clutch wheel 44), and calculates a synchronization time
period T1 of the number of rotations N2 with respect to the
number of rotations N1.The synchronization time period T1
denotes a time period required for a difference in rotation
speed between the number of rotations N1 and the number of
rotations N2 to fall within a predetermined range . The
predetermined range a 1s a difference in rotation speed per-
mitted when the clutch CL4 1s engaged, and 1s a value pre-set
based on the shape of each of the chamiered portions 61 and
71, the strength of the spline tooth, and the rotation speed
range. In the case 1llustrated in FIG. §, as the synchronization
time period T1 required for the difference 1n rotation speed
between the number of rotations N1 and the number of rota-
tions N2 to fall within the predetermined range ¢, a time
period required for the number of rotations N2 to reach the
predetermined number of rotations n 1n the predetermined
range ¢ 1s calculated. When the synchronization time period
T1 1s calculated 1n this manner, a predetermined stroke time
period T2 1s subtracted from the synchronization time period
T1, and an operation time t of the actuator 48 1s set. The stroke
time period 12 1s a time period required for the sleeve stroke
to reach S2, 1.e., a time period required for the clutch sleeve 46
to reach the mversely tapered portion contact position, and 1s
pre-set using a test or simulation. Subsequently, the control
unit 53 functioning as an engagement controlling unit outputs
the control signal to the drive circuit 50 to cause the drive
circuit 50 to start the operation of the actuator 48 at the
operation time t.

Thus, by starting the movement of the clutch sleeve 46 at
the operation time t, as indicated by a reference letter Y in
FIG. §, 1t becomes possible to move the clutch sleeve 46 to the
inversely tapered portion contact position before the differ-
ence 1n rotation speed between the clutch sleeve 46 and the
clutch wheel 44 falls within the predetermined range ., and
the number of rotations N2 of the clutch wheel 44 reaches the
number of rotations N1 of the clutch sleeve 46. With this, it 1s
possible to move the clutch sleeve 46 to the inversely tapered
portion contact position before the number of rotations N2 of
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the clutch wheel 44 exceeds the number of rotations N1 of the
clutch sleeve 46, and hence 1t becomes possible to smoothly
switch the clutch CL4 to the engaged state. That 1s, by moving
the clutch sleeve 46 to the inversely tapered portion contact
position before the the clutch wheel 44 that rotates 1n syn-
chronmization exceeds the clutch sleeve 46 1n terms of the
rotation speed, 1t 1s possible to limit the contact pattern of the
chamiered portions 61 and 71 to the contact pattern of FIG.
4 A or the contact pattern of F1G. 4B. Accordingly, even when
the first contact pattern of the chamiered portions 61 and 71 1s
the contact pattern of F1G. 4B, it 1s possible to shift the contact
pattern thereof to the contact pattern of FIG. 4A at the next
timing, and 1t becomes possible to smoothly switch the clutch
CL4 to the engaged state.

In addition, as 1llustrated in FI1G. 5, since the movement of
the clutch sleeve 46 1s started before the difference 1n rotation
speed between the clutch sleeve 46 and the clutch wheel 44
talls within the predetermined range o, it becomes possible to
reduce a switching time period when the clutch CL4 1s
switched to the engaged state. Further, since 1t 1s possible to
smoothly switch the clutch CL4 to the engaged state, 1t 1s
possible to reduce the thrust force of the actuator 48, and it
becomes possible to achieve a reduction 1n the size of the
actuator 48. Furthermore, since it 1s possible to smoothly
switch the clutch CL4 to the engaged state, it 1s possible to
omit a rotation synchronization mechanism such as the syn-
chronizer ring or the like from the clutch CL4, and 1t becomes
possible to significantly reduce the power loss 1n the disen-
gaged state of the clutch CLA4.

FIG. 6 1s a diagram 1illustrating, as a comparative example,
the number of rotations N1, the number of rotations N2, and
the sleeve stroke when the clutch CL4 1s engaged. As 1llus-
trated 1n the comparative example of FIG. 6, 1n a case where
the movement of the clutch sleeve 46 1s started after the
number of rotations N2 1s synchronized with the number of
rotations N1, as indicated by a reference letter Z1, the number
of rotations N2 falls below or rises above the number of
rotations N1 at the timing when the chamiered portions 61
and 71 come 1n contact with each other. That 1s, the contact
pattern of the chamiered portions 61 and 71 can be any of the
contact patterns 1llustrated in FIGS. 4 A to 4D, and hence there
1s a possibility that the contact pattern of FIG. 4B and the
contact pattern of FIG. 4D are alternately repeated. Conse-
quently, as indicated by a reference letter Z2 1n FIG. 6, the
clutch sleeve 46 goes 1n and out repeatedly 1n the vicimity of
the chamiered portion contact position (the sleeve stroke S1)
while being flipped. In contrast to this, as illustrated 1n FI1G. 5,
by moving the clutch sleeve 46 to the mversely tapered por-
tion contact position (the sleeve stroke S2) before the number
of rotations N2 of the clutch wheel 44 exceeds the number of
rotations N1 of the clutch sleeve 46, 1t 1s possible to limit the
contact pattern of the chamiered portions 61 and 71 to the
contact pattern illustrated in FIG. 4A or FIG. 4B, and 1t
becomes possible to smoothly switch the clutch CL4 to the
engaged state.

In the above description, although the clutch CL4 1s
switched to the engaged state after the number of rotations N2
1s 1ncreased so as to approach the number of rotations N1, the
present invention 1s not limited thereto, and the clutch CL4
may also be switched to the engaged state after the number of
rotations N2 1s reduced so as to approach the number of
rotations N1. FIG. 7 1s a diagram 1illustrating the number of
rotations N1, the number of rotations N2, and the sleeve
stroke when the clutch CL4 1s engaged.

As 1llustrated 1n FIG. 7, at the time of start of the control
when the clutch CL4 1s 1n the disengaged state, 1n a case
where the number of rotations N2 1s larger than the number of
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rotations N1, the control unit 33 starts the rotation synchro-
nization control that reduces the number of rotations N2 by
using the motor generator M1. The control unit 33 sets the
number of rotations N1 as the target number of rotations, and
controls the motor generator M1 via the inverter 52 such that
the number of rotations N2 of the motor generator M1 reaches
the number of rotations N1. Subsequently, as indicated by a
reference letter X 1n FIG. 7, the control unit 53 calculates a
reduction speed of the number of rotations N2 (the angular
acceleration of the clutch wheel 44), and calculates the syn-
chronization time period T1 of the number of rotations N2
with respect to the number of rotations N1. When the syn-
chronization time period T1 1s calculated 1n this manner, the
predetermined stroke time period T2 1s subtracted from the
synchronization time period T1, and the operation time t of
the actuator 48 1s set. Then, the control unit 53 outputs the
control signal to the drive circuit 50 to cause the drive circuit
50 to start the operation of the actuator 48 at the operation
time t.

Thus, by starting the movement of the clutch sleeve 46 at
the operation time t, as indicated by a reference letter Y in
FIG. 7, 1t becomes possible to move the clutch sleeve 46 to the
inversely tapered portion contact position before the differ-
ence 1n rotation speed between the clutch sleeve 46 and the
clutch wheel 44 falls within the predetermined range and the
number of rotations N2 of the clutch wheel 44 reaches the
number of rotations N1 of the clutch sleeve 46. With this, it 1s
possible to move the clutch sleeve 46 to the inversely tapered
portion contact position before the number of rotations N2 of
the clutch wheel 44 1s reduced to be smaller than the number
of rotations N1 of the clutch sleeve 46, and hence 1t becomes
possible to smoothly switch the clutch CL4 to the engaged
state. That 1s, by moving the clutch sleeve 46 to the inversely
tapered portion contact position before the clutch sleeve 46
exceeds the clutch wheel 44 that rotates 1n synchronization in
terms of the rotation speed, it 1s possible to limit the contact
pattern of the chamiered portions 61 and 71 to the contact
pattern of FIG. 4C or FIG. 4D. Consequently, even when the
first contact pattern of the chamfered portions 61 and 71 1s the
contact pattern of FIG. 4D, 1t 1s possible to shift the contact
pattern thereof to the contact pattern of FIG. 4C at the next
timing, and 1t becomes possible to smoothly switch the clutch
CL4 to the engaged state.

In the above description, although the double-side cham-
tered portions 61 and 71 each having two chamiered surfaces
are formed as the chamiered portions 61 and 71 formed in the
spline teeth, the present invention 1s not limited thereto, and a
single-side chamifered portion having one chamiered surface
may also be formed. In the case where the chamiered portion
has only one chamiered surface, it 1s determined whether or
not the clutch CL4 can be smoothly engaged according to the
relative rotation direction of the clutch sleeve 46 and the
clutch wheel 44, and hence the switching 1s performed by
using the control procedure described 1n FIG. 5 or FIG. 7.

The present invention 1s not limited to the above described
example, and can be changed 1n various ways without depart-
ing from the gist thereotf. In the above description, although
the present invention 1s applied to the clutches CL1 to CL4
incorporated in the power train 10 of the hybrid vehicle, the
present invention 1s not limited thereto, and the present inven-
tion may also be applied to the claw clutch incorporated 1n a
drive device of a transmission or the like. In addition,
although the spline teeth 60 and 70 1llustrated in the drawing
include the mversely tapered portions 62 and 72 having the
surfaces inclined relative to the rotation direction and the
axial direction as the first and second engagement portions,
the present invention 1s not limited thereto. For example,
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straight portions each having a surface orthogonal to the
rotation direction (a surface parallel with the axial direction)
may be formed 1nto the spline teeth 60 and 70 as the first and
second engagement portions.

In addition, although the electric actuators 22, 34, and 48
are used as the actuators 22, 34, and 48 for switching the
clutches CL1 to CL4, the present mvention 1s not limited
thereto, and hydraulic actuators may also be used. Further, in
the above description, although one control unmit 33 1s caused
to function as the synchromization controlling unit, the
engagement controlling unit, and the synchronization pre-
dicting unit, the present invention 1s not limited thereto. For
example, the synchronization controlling unit, the engage-
ment controlling unit, and the synchronization predicting unit
may be constituted by a plurality of separate control units.

The mvention claimed 1s:

1. A clutch controller comprising:

a claw clutch including a first rotor having an engagement
tooth and a second rotor disposed coaxially with the first
rotor and having the engagement tooth, the claw clutch
being configured to be switched between an engaged
state where the engagement teeth are engaged with each
other and a disengaged state where the engagement
between the engagement teeth 1s released;

an actuator to move eirther one of the first rotor and the
second rotor 1n an axial direction to switch the claw
clutch between the engaged state and the disengaged
state;

a synchronization controlling unit to control an electric
motor coupled to the second rotor to control a rotation
speed of the second rotor such that the rotation speed of
the second rotor approaches a rotation speed of the first
rotor when the claw clutch 1s switched to the engaged
state; and

an engagement controlling unit to control the actuator to
move the either one of the first rotor and the second rotor
toward the other when the claw clutch 1s switched to the
engaged state, wherein

the engagement controlling unit moves the either one of
first rotor and the second rotor to a position where the
engagement teeth are engaged with each other in the
axial direction before a difference 1n the rotation speed
between the first rotor and the second rotor falls within a
predetermined range and the rotation speed of the sec-
ond rotor reaches the rotation speed of the first rotor.

2. The clutch controller according to claim 1, wherein

the engagement tooth of the first rotor 1ncludes a {irst
chamiered portion provided at a tip and a {irst engage-
ment portion extending from the first chamiered portion;
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the engagement tooth of the second rotor includes a second
chamiered portion provided at a tip and a second
engagement portion extending from the second cham-
fered portion; and

the engagement controlling unit moves the either one of the
first rotor and the second rotor to a position where the
first engagement portion and the second engagement
portion are engaged with each other 1n the axial direction
betore the difference 1n the rotation speed between the
first rotor and the second rotor falls within the predeter-
mined range and the rotation speed of the second rotor
reaches the rotation speed of the first rotor.

3. The clutch controller according to claim 1, further com-

prising:

a synchronization predicting unit to predict a synchroniza-
tion time period required for the difference 1n the rota-
tion speed between the first rotor and the second rotor to
fall within the predetermined range, wherein

the engagement controlling unit starts the movement of the
cither one of the first rotor and the second rotor based on
the synchronization time period before the difference in
the rotation speed between the first rotor and the second
rotor falls within the predetermined range.

4. The clutch controller according to claim 2, further com-

prising:

a synchronization predicting unit to predict a synchroniza-
tion time period required for the difference 1n the rota-
tion speed between the first rotor and the second rotor to
fall within the predetermined range, wherein

the engagement controlling unit starts the movement of the
cither one of the first rotor and the second rotor based on
the synchronization time period before the difference in

the rotation speed between the first rotor and the second
rotor falls within the predetermined range.

5. The clutch controller according to any one of claim 1,
wherein the claw clutch does not include a rotation synchro-
nization mechanism.

6. The clutch controller according to any one of claim 2,
wherein the claw clutch does not include a rotation synchro-
nization mechanism.

7. The clutch controller according to any one of claim 3,
wherein the claw clutch does not include a rotation synchro-
nization mechanism.

8. The clutch controller according to any one of claim 4,
wherein the claw clutch does not include a rotation synchro-
nization mechanism.
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